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Some immunological biomarkers have been reported to be associated with job-related
stress.This study was conducted to explore the intercorrelation between the psychosocial
components of job stress and various immunological biomarkers among female nurses.
To assess monthly and weekly job stress, 41 nurses have repeatedly completed ques-
tionnaires such as the National Institute for Occupational Safety and Health General Job
Stress Questionnaire, the profile of mood states short version and the Center for Epidemio-
logic Studies-Depression scale. Using flow cytometry and radioimmunoassay, the number
of white blood cells, lymphocytic proliferation to mitogens, and toxoid were measured.
Moreover, levels of hydrocortisol, interleukin-β, interferon-γ, and tumor necrosis factor-α
and salivary immunoglobulin A were evaluated by enzyme-linked immunosorbent assay.
When the Pearson correlation coefficients between job stress and immunological biomark-
ers were estimated after adjusting for age and smoking status, “Clashes: conflict at work”
was significantly related to the number of CD4 cells (r =0.36, p-value <0.05), CD4 to
CD8 ratio (0.35; <0.05), response to concanavalin A (0.42; <0.05), and phytohemagglu-
tinin (0.35; <0.05). Additionally, the level of hydrocortisol was significantly related to seven
psychosocial measures; i.e., role conflict (−0.47; <0.01), role ambiguity (−0.39; <0.05),
clashes at work (−0.38; <0.05), control and influence at work (0.53; <0.01), task control
(0.55;<0.001), resources at work (0.35;<0.05), and skill underutilization (0.43;<0.05).The
results indicate that (1) the psychosocial job stress is associated with the levels of some
immunological biomarkers in nurses; and in particular, (2) hydrocortisol shows a remarkable
relationship with diverse job stress indicators.
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INTRODUCTION
Stress is assumed to be a trigger that causes adverse conditions
and/or deteriorates health. In the view of biological mechanism,
stress is involved in immunological functions, which are linked
with various diseases. In today’s modern society, there is an
increase in common sources of stress in daily life, in particular, con-
cerns about psychosocial pressures at workplace. Nemours studies
have reported that job-related stress can affect individual suscepti-
bility for diseases such as diabetes (1), hypertension (2), coronary
heart disease (3), metabolic syndrome (4), and dementia (5).
Job stress may underlie the connection between immunological-
inflammatory functions and human diseases. Studies demon-
strated that job stressors could mediate the level of immunological
biomarkers such as natural killer (NK) cells (6), suppressor T-
cells (CD8)/NK cells (CD56)/interleukin (IL)-6 (7), CD4:CD8
ratio (7), and suppressor-inducer (CD4+CD45RA) T lympho-
cytes (8). Furthermore, the alteration of the immune parameters
was observed among some specific occupational groups prone
to workplace stress such as blue-collar workers (9), power plant
workers (10), university employees (11), white-collar workers (12,
13), and nurses (14–17). This indicates that job stress is assumed
to act as a potential risk factor in cellular and/or humoral immune
responses and induce immunological imbalance by itself.
In the previous study, we reported a significant variation
in immunological biomarkers according to the high- vs. low-
stress groups (17). Based on exploratory longitudinal study with
repeated measures analysis, we found that nurses who experienced
high levels of stress presented with lower levels of white blood
cell (WBC) and tumor necrosis factor (TNF)-α, as well as higher
levels of total salivary immunoglobulin A (sIgA) with statistical
significance. Similarly, several studies were conducted to investi-
gate the relationship between nurses’ job stress and immunological
biomarkers (6, 7, 14–19). In observational studies exploring the
job-related stress factors, nurses are considered to be one of the
most appropriate subjects since (1) work-related stress level of
nurses is relatively high; (2) job satisfaction is relatively lower than
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other occupational groups; and (3) recruitment of participants
and data collection is more cooperative than other occupations.
However, most of those studies focused on absolute levels of job
stress but not for specific components of the stress constituting a
total amount of job stress. Thus, the relationship between a spe-
cific factor of job stress and a single immunological biomarker was
not fully understood.
Given the cause of job stress is multifactorial and heteroge-
neous, some specific job stress components such as job demand,
role-conflicts, elimination in decision-making, high effort-low
reward, and work shift may play an independent role in the stress-
immune mechanism as an effect modifier. We hypothesized that
some particular factors can be strongly correlated with immuno-
logical alterations and furthermore be a major contributor for
health imbalance, identifying the specific contributor (i.e., the job
stress components connected to immunological biomarkers) that
may allow us to help prevent such negative health outcomes based
on a tailored intervention that considers individuals’ job-related
situation or working environment.
Along with the study hypothesis, the present study was
conducted to investigate intercorrelations between specific
components of psychosocial job stress and each immunological
biomarker among female nurses. This qualitative approach will
provide the evidence on how psychosocial job stress affects the
human immune system; and identify the significant biomarker
related to job stress in order to consider the causal mechanism
involved in the stress-immune relationship.
MATERIALS AND METHODS
PARTICIPANTS SELECTION
The participants of this study were nurses who were volunteers
recruited from a university hospital in the United States and were
given written informed consent before entering the study. From a
total of 1,043 nurses registered in the hospital, 514 nurses partic-
ipated at the initiatory stage. Among these, subjects who were
supposed to have any kinds of conditions that likely affected
their immune system such as rheumatoid arthritis, thyroid dis-
orders, cancer, systemic lupus erythematosus, myasthenia gravis,
Graves’ disease, scleroderma, and any type of infection including
human immunodeficiency virus (HIV) were excluded. Moreover,
we strictly restricted the subjects to those who were highly likely
to participate in the whole study for nine months. After an initial
screening test and detailed questionnaire survey on health status,
41 premenopausal women were selected for the current study. The
study protocol was reviewed and approved by the Johns Hopkins
University School of Medicine and National Institute for Occupa-
tional Safety and Health (NIOSH). Detailed information has been
described in previous paper (17).
DATA COLLECTION WITH QUESTIONNAIRES
During the subject’s work shift, a research assistant visited each
subject and questionnaire surveys were conducted. Data were col-
lected through face-to-face and self-administered questionnaires
after blood and/or saliva collection. Demographic and work-
related characteristics such as job title, work shift, and job continu-
ity were investigated once during the first data collection. To assess
specific components of psychosocial job stress, three types of
questionnaires were used as below. Internal consistency of psy-
chosocial variables (job stressors) was measured by the Cronbach’s
alpha coefficient at the initial screening stage. Almost all psychoso-
cial variables showed acceptable internal validity (Cronbach’s
alpha coefficient ≥0.7).
Monthly questionnaire
The NIOSH General Job Stress Questionnaire (GJSQ) (20) was
used to assess job stress of the study participants. This ques-
tionnaire was designed to measure a variety of job stressors and
related-factors that may mediate the relationship between job
stressors and health outcomes. Based on a total of nine repeated
measurements (4 weeks apart from December to August) the full
version of GJSQ was surveyed in the first and last month and the
shorten version of GJSQ was administered rest of study period
including job stressors and buffer factors. A list of the variables
from the GJSQ used in the study is shown in Table 1. Regard-
ing the interpretation of GJSQ, high-score means higher stress in
job while high score on job control and buffer factors means low
stress (20).
Weekly questionnaires
Job stress can interfere with negative mood changes including anx-
iety, tension, and fury and may further extend to moderate or
severe depression. Given that our study subjects were all nurses
whose job description has been generally reported to be asso-
ciated with high rates of job stress, they may be more prone
to mood disturbance and depression due to job-related stress.
Thus, we conducted additional questionnaire surveys to eval-
uate the level of usual mood states and depression symptoms
by using two types of questionnaires, i.e., Center for Epidemi-
ologic Studies-Depression (CES-D) scale (21) and the profile
of mood states (POMS) short form (22). The CES-D, a self-
report scale used to estimate depressive symptoms, consists of
20 items representing the major components of depression and
asks participants to rate how often they experienced depression
symptoms over the past week. Ratings from 0 (rarely or none
of the time) to 3 (most or all of the time) can be added up to
60, in which higher scores indicate more severe depressive states
(21). The POMS short form consists of 37 mood related adjec-
tives that are rated on a 0 (not at all) to 5 (extremely) scale. Six
factor-based subscales, i.e., tension–anxiety, depression–dejection,
anger–hostility, vigor–activity, fatigue–inertia, and confusion–
bewilderment, were derived and total mood disturbance was esti-
mated (22). Variables of the weekly questionnaire were presented
in Table 1.
BLOOD AND SALIVA SAMPLING
Under standardized protocol, blood (monthly collections), and
saliva (weekly collections) samples were collected at least 1 h
after meals from each of the participants. A phlebotomist con-
gregated approximately 23 cc of blood from the antecubital site
of each participant’s arms. Cells and serum were separated after
centrifugation and lymphocytes and sera were evaluated with a
panel of immunologic tests. Whole saliva samples were collected
by using the spitting method. Accumulated saliva was expecto-
rated into sterile 15 ml conical plastic tubes every 60 s for 5 min.
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Table 1 | Summary statistics of monthly and weekly psychosocial variables.
Median IQR
MONTHLY PSYCHOSOCIAL VARIABLES FROM NIOSH GJSQa
Job stressor Clashes: conflict at work 3.11 2.72–3.62
Control and influence at work 2.90 2.47–3.29
Decision process control at work 2.63 2.38–3.29
Group support: conflict at work 3.87 3.64–4.08
Noncooperation between groups conflict 2.47 2.17–2.90
Quantitative workload 3.59 3.43–3.94
Resources at work control 2.39 1.93–3.00
Responsibility for people 3.25 2.75–3.58
Role ambiguity 2.40 1.98–3.13
Role conflict 3.35 2.48–3.75
Skill underutilization 3.89 3.07–4.33
Task control at work 3.13 2.66–3.68
Variance in workload 3.71 3.33–4.00
Buffer factor Fellow workers social support 4.30 4.00–4.50
Head nurse social support 3.46 3.14–4.25
Spouse, friends, and family social support 4.72 4.29–4.85
WEEKLY PSYCHOSOCIAL VARIABLEb
CES-D depression score 11.68 6.33–15.00
POMS anger subscale 3.33 1.06–4.31
POMS confusion subscale 2.87 1.42–4.20
POMS depression subscale 3.48 1.69–4.99
POMS frustration subscale 3.80 2.38–5.68
POMS tension subscale 4.07 2.71–6.23
POMS vigor subscale 15.29 11.87–17.62
Total POMS score 33.63 21.65–40.54
IQR, interquartile range; CES-D, center for epidemiologic studies-depression; POMS, profile of mood status short form.
aIndividual median and IQR values of the variables obtained from NIOSH (National Institute for Occupational Safety and Health) General Job Stress Questionnaire
were calculated with the data from first month to ninth month.
bIndividual median and IQR values were calculated with the data from 6th week to 33rd week.
The samples were stored at −80°C and shipped with dry ice
in weekly batches to the NIOSH laboratory for analyses. All
immunological measurements were done based on the rule of
blind tests. Detailed sampling procedures were described in a
previous study (16).
IMMUNOLOGICAL BIOMARKERS MEASUREMENT
Natural killer cell cytolytic assay
An in vitro cytotoxicity assay using 51Cr-labeled Yac-1 cells was
used. Splenocytes were adjusted to 1× 107 cells/ml in complete
medium (RPMI, 10% fetal calf serum, 50 IU penicillin, and 50µg
streptomycin). After the 4-h incubation at 37°C and 5% CO2, 25µl
of supernatant was transferred to a 96-well plate containing solid
scintillant. Plates were air dried overnight and after a 10-min dark
delay on the Packard Top Count. The results are presented in lytic
units per 107 splenocytes using 10% lysis as the reference point.
Number of white blood cells
Number of white blood cells (per mm3) including T lymphocytes
(CD3, CD4, CD8, CD4/CD8 ratio), B-lymphocytes (CD20), and
NK cells (CD56) were assayed by immunofluorescence staining
and flow-cytometry analysis.
Lymphocytic proliferation to mitogens or toxoid
Lymphocytic proliferation to mitogens (concanavalin A, phy-
tohemagglutinin, and pokeweed) and toxoid (tetanus) were
measured with a radioimmunoassay. Peripheral blood T lympho-
cyte cells were sorted by Ficoll-Paque density-gradients centrifu-
gation, and washed with RPMI1640. [3H] TdR incorporated into
cells was measured using a liquid scintillation counter (Packard,
Meriden). The results were expressed as the average cpm. The
delta-cpm was calculated as cpm incubated with mitogen or tox-
oid minus 3-day (phytohemagglutinin and concanavalin A) or
5-day (pokeweed mitogen and tetanus toxoid) control cpm.
Serum levels of cytokines; hydrocortisol, IL-1β, INF-γ, and TNF-α
Serum levels (ng/ml) of hydrocortisol, IL-1β, INF-γ, and TNF-α
were assayed by enzyme-linked immunosorbent assay (ELISA)
according to manufacturer’s manual (R&D Systems, Minneapolis,
MN, USA).
Salivary IgA
Saliva samples were analyzed in a “blind” fashion for concen-
trations of total secretory IgA and end-point titers of spe-
cific sIgA against five combined strains of E. coli cell wall
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antigens (lipopolysaccharides, LPS) adjusted for total protein
concentration (mg/ml), and salivary flow rate (ml/min). A mod-
ified ELISA method was used to measure both total and specific
sIgA antibodies in the whole saliva samples. Detailed procedures
were described in a previous study (16).
STATISTICAL ANALYSES
Each of the study participants had up to nine data points for
immunological measures of blood and monthly psychosocial vari-
ables (GJSQ) and up to 33 data points for immunological measures
of saliva and weekly psychosocial variables (CES-D and POMS).
Mean values of psychosocial variables and immunological bio-
markers of each subject were calculated as arithmetic means
during the study period. To identify our research hypotheses, the
Pearson correlation coefficients between psychosocial variables
and immunological biomarkers were estimated after adjusting for
age and smoking status. All values of psychosocial variables and
immunological biomarkers were log transformed for normal dis-
tribution. Furthermore, to avoid spurious association with false
positive results due to extensive set of immunological biomarkers
in multiple hypotheses testing, corrected p values were computed
based on the statistical method for Benjamini–Hochberg false dis-
covery rate (BH-FDR). Statistical analyses were performed with
the SAS software version 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
CHARACTERISTICS OF STUDY PARTICIPANTS
The mean age was 29.9 years, 29% of the participants were smokers
and about half were married, 38% of the participants were taking
medicines at baseline, and 28% of participants were taking oral
contraceptives. As for job characteristics, 57% of the participants
were graduate nurses and clinical nurses, while others were clini-
cal nurse masters and senior clinical nurses. Approximately 60%
of the participants worked 8 or 12-h rotating shifts. They worked
for an average of 39.1 h/week and had a 2.3-h overtime working
per week. Job continuity at current job was an average of 4.6 years
(Table 2).
SUMMARY STATISTICS OF PSYCHOSOCIAL VARIABLES
Monthly psychosocial variables including job stressor and buffer
factor were investigated by NIOSH GJSQ. The three highest vari-
ables (mean± SD) among job stressors were conflict at work,
3.81± 0.57; quantitative workload, 3.71± 0.43; and variance in
workload, 3.76± 0.59. Buffer factors were scored: fellow workers
social support, 4.23± 0.44; head nurse social support, 3.64± 0.77;
and spouse, friends, and family social support, 4.51± 0.51. The
weekly psychosocial variable was quantified by POMS. The mean
for the total POMS score was 33.1± 12.46 and CES-D depression
score was 11.17± 6.23 (Median value and IQR of the psychosocial
variables were shown in Table 1).
CORRELATION BETWEEN HUMORAL IMMUNOLOGICAL BIOMARKERS
AND PSYCHOSOCIAL VARIABLES
For clashes, conflict at work had a positive correlation with IL-
1β (r = 0.45, p= 0.01) and specific sIgA (r = 0.34, p= 0.04), but
a negative correlation with hydrocortisol (r =−0.48, p= 0.003).
Control and influence at work had a positive correlation with
Table 2 | Basic characteristics of study population.
Nurses (N =41)
Age (year), mean±SD 29.9±5.9
Smoking status
No 27 (71.1)
Yes 11 (29.0)
Marital status
Married/living together 21 (55.3)
Single/never married 16 (42.1)
Single/divorced 1 (2.6)
Currently taking medicines at baseline
No 14 (37.8)
Yes 23 (62.2)
Oral contraceptive use
No 26 (72.2)
Yes 10 (27.8)
Family history of immune system disease
No 2 (5.3)
Yes 36 (94.7)
Job title
Graduate nurse/clinical nurse 21 (56.7)
Clinical nurse masters/senior clinical nurse 16 (43.3)
Work shift
Rotating 8/12 h 23 (60.5)
Permanent day/evening/night 6 (15.8)
Others 9 (23.7)
Hours worked per week, mean±SD 39.1±3.2
Hours worked overtime per week, mean±SD 2.3±2.5
Job continuity at current job (year), mean±SD 4.6±3.9
Data are shown as number (%) or mean±SD.
hydrocortisol (r = 0.59, p= 0.0002). Decision process control at
work had a positive correlation with hydrocortisol (r = 0.35,
p= 0.04), but total sIgA had a negative correlation (r =−0.37,
p= 0.03). For group support, conflict at work had a positive
correlation with hydrocortisol (r = 0.48, p= 0.003) and INF-γ
(r = 0.41, p= 0.01). Resources at work control had a positive cor-
relation with hydrocortisol (r = 0.50, p= 0.002), but total sIgA
had a negative correlation (r =−0.34, p= 0.04). Responsibil-
ity for people had a positive correlation with TNF-α (r = 0.42,
p= 0.01). Role ambiguity had a positive correlation with spe-
cific sIgA (r = 0.38, p= 0.02), but hydrocortisol had a negative
correlation (r =−0.52, p= 0.001). Role conflict had a negative
correlation with hydrocortisol (r =−0.53,p= 0.001). Skill under-
utilization had a positive correlation with hydrocortisol (r = 0.39,
p= 0.02) and TNF-α (r = 0.39,p= 0.02). Task control at work had
a positive correlation with hydrocortisol (r = 0.56, p= 0.0003).
The correlation between hydrocortisol and several job stressors,
i.e., control and influence at work, resources at work control,
role ambiguity, role conflict, and task control at work, remained
statistically significant even after correcting for multiple compar-
isons (FDR<0.05). Hydrocortisol had a negative correlation with
several weekly psychosocial variables such as CES-D depression
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(r =−0.42, p= 0.01), POMS depression subscale (r =−0.35,
p= 0.04), POMS tension subscale (r =−0.35, p= 0.04), and total
POMS score (r =−0.37, p= 0.03). Non-work last week had a
positive correlation with specific sIgA (r = 0.36, p= 0.03). POMS
vigor subscale had a negative correlation with INF-γ (r =−0.38,
p= 0.02). Total POMS score had a negative correlation with INF-γ
(r =−0.36, p= 0.03) (Table 3). The significant results are shown
in Figures 1 and 2.
CORRELATION BETWEEN CELLULAR IMMUNOLOGICAL BIOMARKERS
AND PSYCHOSOCIAL VARIABLES
Conflict at work had a positive correlation with helper T-cell
(r = 0.36, p= 0.03), CD4/CD8 ratio (r = 0.40, p= 0.02), and
concanavalin A (r = 0.43, p= 0.01). Decision process control
had a negative association with the CD4/CD8 ratio (r = 0.37,
p= 0.03). Quantitative workload had a positive correlation with
T-cells (r = 0.38, p= 0.02), but it had a negative correlation with
natural cell activity (r =−0.37, p= 0.03). Role ambiguity had a
positive correlation with several cellular immune biomarkers, con-
canavalin A (r = 0.39, p= 0.02), phytohemagglutinin (r = 0.36,
p= 0.03), and tetanus toxoid (r = 0.44, p= 0.01). Variance in
workload had a negative correlation with natural cell activity
(r =−0.37, p= 0.03) and NK cell (r =−0.37, p= 0.03). Nat-
ural cell activity (r =−0.35, p= 0.04) and NK cell (r =−0.34,
p= 0.04) had a negative correlation with head nurse social support
(Table 4).
DISCUSSION
This study was conducted to investigate the relationship between
a specific component of psychosocial job stress and immunolog-
ical biomarkers in female nurses. After correcting for multiple
comparisons, the correlation between hydrocortisol and several
job stressors, i.e., control and influence at work, resources at
work control, role ambiguity, role conflict, and task control at
work, remained with statistical significance. Though statistical
significances were not secure throughout the multiple comparison
Table 3 | Pearson correlation coefficienta (r, p-value) between monthly/weekly psychosocial variables and humoral immunological biomarkers.
Hydrocortisol IL-β INF-γ TNF-α Total sIgA Specific sIgA
MONTHLY PSYCHOSOCIAL VARIABLES FROM NIOSH GJSQb
Job stressor
Clashes: conflict at work −0.48 (0.003) 0.45 (0.01) −0.20 (0.26) −0.16 (0.35) 0.01 (0.97) 0.34 (0.04)
Control and influence at work 0.59 (0.0002)d −0.03 (0.85) 0.17 (0.31) 0.21 (0.21) −0.33 (0.05) −0.08 (0.65)
Decision process control at work 0.35 (0.04) −0.07 (0.69) −0.02 (0.91) 0.27 (0.11) −0.37 (0.03) −0.05 (0.76)
Group support: conflict at work 0.48 (0.003) −0.05 (0.78) 0.41 (0.01) 0.11 (0.52) 0.02 (0.92) −0.28 (0.10)
Noncooperation between groups conflict −0.15 (0.37) 0.10 (0.57) −0.33 (0.05) −0.16 (0.35) −0.17 (0.32) 0.27 (0.11)
Quantitative workload −0.19 (0.27) −0.04 (0.84) −0.17 (0.31) −0.13 (0.47) 0.17 (0.33) −0.21 (0.22)
Resources at work control 0.50 (0.002)d −0.07 (0.69) 0.23 (0.19) 0.21 (0.22) −0.34 (0.04) −0.08 (0.65)
Responsibility for people 0.22 (0.20) 0.15 (0.39) −0.33 (0.05) 0.42 (0.01) −0.17 (0.33) −0.05 (0.78)
Role ambiguity −0.52 (0.001)d −0.03 (0.88) −0.26 (0.13) 0.09 (0.60) −0.002 (0.99) 0.38 (0.02)
Role conflict −0.53 (0.001)d 0.13 (0.45) 0.02 (0.92) 0.01 (0.95) 0.03 (0.86) 0.29 (0.09)
Skill underutilization 0.39 (0.02) −0.02 (0.89) −0.29 (0.09) 0.39 (0.02) −0.03 (0.88) −0.11 (0.52)
Task control at work 0.56 (0.0003)d 0.01 (0.96) 0.17 (0.34) 0.11 (0.53) −0.22 (0.20) −0.05 (0.77)
Variance in workload −0.14 (0.43) 0.18 (0.28) −0.24 (0.15) −0.30 (0.08) 0.12 (0.48) −0.002 (0.99)
Buffer factor
Fellow workers 0.34 (0.04) 0.05 (0.79) 0.01 (0.95) −0.07 (0.70) −0.20 (0.26) −0.10 (0.57)
Head nurse 0.36 (0.03) 0.11 (0.51) 0.39 (0.02) 0.21 (0.23) −0.19 (0.26) −0.20 (0.24)
Spouse, friends, and family 0.28 (0.10) −0.19 (0.26) 0.03 (0.87) −0.001 (0.99) −0.10 (0.56) 0.10 (0.55)
WEEKLY PSYCHOSOCIAL VARIABLEc
CES-D depression score −0.42 (0.01) 0.08 (0.63) −0.14 (0.42) 0.16 (0.35) 0.03 (0.85) 0.22 (0.20)
POMS anger subscale −0.32 (0.06) 0.32 (0.06) −0.31 (0.07) 0.05 (0.78) 0.01 (0.95) 0.20 (0.24)
POMS confusion subscale −0.33 (0.05) 0.12 (0.48) −0.10 (0.56) 0.56 (0.80) 0.03 (0.88) 0.32 (0.06)
POMS depression subscale −0.35 (0.04) 0.16 (0.37) −0.20 (0.25) 0.25 (0.74) −0.03 (0.88) 0.30 (0.08)
POMS frustration subscale −0.32 (0.06) 0.08 (0.64) −0.27 (0.12) 0.15 (0.39) −0.32 (0.06) 0.33 (0.05)
POMS tension subscale −0.35 (0.04) 0.15 (0.40) −0.28 (0.10) 0.11 (0.52) −0.003 (0.99) 0.22 (0.20)
POMS vigor subscale −0.11 (0.52) −0.18 (0.31) −0.38 (0.02) 0.01 (0.97) 0.20 (0.26) −0.04 (0.82)
Total POMS score −0.37 (0.03) 0.14 (0.42) −0.36 (0.03) 0.12 (0.48) −0.01 (0.98) 0.27 (0.12)
CES-D, center for epidemiologic studies-depression; POMS, profile of mood status short form; IL, interleukin; INF, interferon;TNF, tumor necrosis factor; sIgA, salivary
immunoglobulin A. Bold font indicates significant values.
aAnalyzed using Pearson partial correlations between variables after adjusting for age and smoking status.
bIndividual mean values of the variables were calculated with the data from first month to ninth month.
cIndividual mean values were calculated with the data from 6th week to 33rd week.
dBH-FDR adjusted p value was significant (p < 0.05).
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FIGURE 1 | Correlation between hydrocortisol and specific monthly job stress indicators with statistical significant (p<0.05).
FIGURE 2 | Correlation between hydrocortisol and specific weekly job stress indicators with statistical significant (p<0.05).
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corrections, several psychosocial job stressors presented the pos-
sibility that they could interfere with humoral and/or cellular
immunological biomarkers.
Hydrocortisol (in body form, cortisol) appears to be a sen-
sitive immunological biomarker for overall job stressors. Pre-
vious research expounded a phenomenon of cortisol secretion
also known as the cortisol awakening response (CAR) (23)
and levels of cortisol was influenced under physical conditions
such as smoking (24), drinking (25), and physical activity
(26). The present study focused on psychosocial conditions, and
hydrocortisol was revealed to have positive correlations with sev-
eral monthly immunological biomarkers such as control and influ-
ence at work, group support, skill underutilization, task control at
work, and head nurse social support. Moreover, it was negatively
correlated with clashes such as conflict at work, role ambiguity, role
conflict, and several weekly psychosocial variables. Interestingly,
the results exhibited consistency after controlling putative con-
founding factors such as taking oral contraceptives. Furthermore,
several factors (control and influence at work, resources at work
control, role ambiguity, role conflict, and task control at work) cor-
related with hydrocortisol remained statistically significant despite
having been corrected for multiple comparisons. When people suf-
fer from stress, the hypothalamic–pituitary–adrenal axis (HPA),
which regulates the immunological response, is stimulated (27).
The main functions of HPA are known to activate adrenocor-
ticotropic hormone (ACTH) and glucocorticoid secretion. The
activation of HPA induces the adrenal cortex stimulation and zona
fasciculate secretion of cortisol, a glucocorticoid hormone, which
plays a role in physiological function during stressful circum-
stances (27). This indicates that cortisol could be directly induced
during the initiation of stress in anti-stress pathways, and our find-
ings support the biological connections between cortisol and stress
(i.e., work place related stress). In the same vein, studies have also
reported the association between cortisol and job stress although
the findings were inconsistent (1) cortisol could decrease as a result
of high-job strain among female health care providers because
stress caused circadian rhythm disturbance (28); (2) cortisol level
was higher in participants with low-job strain than that of the other
participants (29); (3) job demand was negatively correlated with
cortisol (30); but (4) a study on assembly line workers reported that
cortisol had a positive correlation with some self-report psychoso-
cial variables such as irritation, pressed by demands, time pressure,
and tired during work days (31). The inconsistencies may be
explained by the variations in design methodology and workplace
circumstances. Thus, further studies are needed to investigate the
relationship of various job stressors on hydrocortisol alterations
and to elucidate the causal mechanisms involved in job-related
stress and immune responses.
Despite inconsistent with previous findings between psycho-
metric parameters and humoral immunological biomarkers such
as IL-1β, INF-γ, and TNF-α, our results showed that IL-1β, INF-γ,
TNF-α, total sIgA, and specific sIgA may be significantly corre-
lated with various job stress indicators. TNF-α showed a positive
correlation with responsibility for people and skill underutiliza-
tion. But in general, decreased TNF-αmeant activation of humoral
immune function during stress (17, 32). INF-γ, which plays a sim-
ilar role like TNF-α, had irregular correlations with both positive
correlations in group support (conflict at work and head nurse
social support) and negative correlation with non-cooperation
between group conflicts and responsibility for people in our study,
whereas a previous study indicated that home-related social sup-
port may affect the level of INF-γ (33). These inconsistencies may
be induced due to the differences in the study population and/or
methodology or insufficient statistical power of the present study.
Replication studies with a greater number of study participants
should be conducted to clarify the ambiguity.
No obvious associations were found between cellular immuno-
logical biomarkers and job stress, whereas cellular immunological
biomarkers including T-cells (CD3), helper T-cell (CD4), NK cell
(CD56), and NK cell activity showed a putative relationship with
several specific job stress indicators. Concretely, T-cells (CD3)
increasingly reacted when quantitative workload or role conflict
was high. Moreover, both clashes, conflict at work and role con-
flict, had significant influence on helper T-cells (CD4). Previous
studies have reported inconsistent results between T lymphocytes
and job stress. The level of T-cells (CD3) was significantly lower
in the higher strain group (8), and job control had a positive cor-
relation with a subpopulation of helper T-cells, not helper T-cell
(CD4) (9). Nakata and colleagues partly explained the differences
in that (1) potential confounders were not fully considered such
as alcohol drinking and physical activity, and the possibility of
(2) a small sample size (8). T-cell (CD3) was also reported to be
indirectly affected by social support (33).
Natural killer cell (CD56) appears to be negatively correlated
with variance in workload and head nurse social support. It also
has been reported that job satisfaction shows a dose-dependent
relationship (12) and a negative correlation with quantitative
workload and head nurse social support. Previous studies sup-
port our results that job stress leads to decreased NK cell (CD56)
(14) and NK cell activity (6) in female nurses, and NK cell activity
also had a negative correlation with quantitative workload (34).
Moreover, Miyazaki and colleagues reported that high-social sup-
port was directly related to NK cell levels (33). On the contrary, it is
generally known that (1) job stress could be reduced by social sup-
port (35); (2) high supervisory support could decrease job stress in
nurse aids (36); and (3) lower log salivary IgA levels was reveled in
teachers without supervisory support (37), but our results showed
that head nurse (supervisor) social support caused low-immune
function by NK cell (CD56) and NK cell activity. These conflicting
findings are assumed to be due to bilaterality in social supports;
thus, a systematic approach to the immunological harmful effects
of excessive support from a supervisor is needed in future studies.
In our previous study, the total number of WBC significantly
decreased among the high-objective stress group (17), whereas
this was not replicated in the present study. In terms of the corre-
lation between WBC and job stress indicators, compatible results
have been reported (34); therefore, further examinations are still
needed. The CD4:CD8 ratio also did not show any significant
association in this study, but low reward and/or high effort–
reward imbalance has been reported to affect the variation in the
CD4:CD8 ratio (7). These inconsistencies may be derived from
the differences between specific job stress indicators and overall
rating stress, and thus, further studies will consider more detailed
groupings and analyses regarding the questionnaire data.
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Several study limitations should be noted. First, since the
present study was conducted with a small number of study par-
ticipants, we did not secure the sufficiency of the statistical power.
The restricted sample size may have yielded null results and/or
may not have detected the hidden association underlying the bio-
logical pathway. Furthermore, this did not allow stratified analyses
according to putative covariates known to be involved with the
job stress mechanism. However, our preliminary findings pro-
vide clues for further studies on repeated measures and multiple
immunological biomarkers and job stress indicators including
daily mood and depressive symptoms. Second, potential bias
such as measurement errors and selection bias may not have
been completely eliminated. Considering all psychosocial vari-
ables were based on self-reported data, the possibility of response
bias may also exist. Finally, our participants could not fully rep-
resent the normal population due to the convenient sampling
method and the limited number of participants. To general-
ize the findings of the present study, further replication studies
covering the general population with sufficient sample size are
warranted. Thus, any interpretation should be done cautiously.
Despite the limitations, our longitudinal study design could pro-
vide more integrated results, with its periodic data collection, vari-
ous job stress questionnaires, larger number of assays, and multiple
biomarkers. Further studies will assure better understanding of
the hidden relationships between job stress and immunological
biomarkers.
Our findings suggest that several specific components of
psychosocial job stress are significantly associated with some
immunological biomarkers. Hydrocortisol particularly showed a
remarkable relationship with diverse job stress indicators (control
and influence at work, resources at work control, role ambigu-
ity, role conflict, and task control at work) after multiple com-
parison tests and its biological plausibility was also supported.
Given that specific circumstances at workplaces can intimately
interfere with immunological alterations and be a major con-
tributor for health imbalance, our findings can aid in setting
up tailored intervention by taking into consideration individu-
als’ job-related situation or working environment, and further
help to prevent adverse health consequences involved in the
stress-immune relationship.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at http://www.frontiersin.org/Journal/10.3389/fpubh.2014.
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